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A STUDY OF INTERNAL FRICTION, ELECTRIC RESISTANCE AND SHAPE CHANGE IN 
Cu-Zn AND Cu-Zn-Al ALLOYS DURING PHASE TRANSFORMATION USE SIMULTANEOUS 
MEASUREMENT METHOD 
INTRODUCTION 
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Beijing, P.R.O. China 
The internal friction (q-1), electric resistance (r), shape change 
(X), and temperature (T) in TiNi alloys during phase transformation have 
been measured simultaneously [1]. A. Ghilarducci and, M. Ahlers [2] have 
studied the internal friction in Cu-Zn and Gu-Zn-Al alloys and have shown 
that the q-1 peaks are not due to the phase transformation but due to 
point defects. The electric resistance during thermoelastic martensite 
(TEM) phase transformation has been studied by K. Otsuka, et.al, [3] and 
I. Cornelis and, C. M. Wayman showed that the TEM phase transformation 
temperature Ms, Mf, As and Af can be obtained from the electric 
resistance R vs. temperature T curves (R-T curve) [4]. The quantitative 
relation between the electric resistance change and the amount of 
martensite is not yet known. Now, the q-1, R, X, frequency f and T 
during TEM transformation in Cu-Zn and Cu-Zn-Al alloys have been measured 
simultaneously as has been done in a TiNi alloy [1,5]. The amount of 
martensite at every temperature from Ms to Mf and As to Af was calculated 
by Delorme's formula of internal friction [6], so that the change of R 
can be calculated. 
EXPERIMENTS 
A Cu-Zn wire specimen (Gu-40.2wt% Zn) with a length of 10 em and a 
diameter of about 1 mm were kept at 1073 K for 15 min. and then quenched 
into ice water. The Cu-Zn-Al wire specimen (Cu-26.0wt%Zn - 4.0wt%Al) 
with a length of 8.5 em and a diameter of about 1.5 mm was kept at 1073 K 
for 10 min. and then quenched into 279 K water. Values of q-1 were 
measured by Ke's torsional pendulum and the R of this specimen was 
measured simultaneously by the standard DC method using a 
four-point-terminal connection. At the same time, the zero position (X) 
of the pendulum and frequency (f) were also measured. The X is the shear 
shape change during phase transformation of the wire specimen. The 
frequency f is about 1 Hz. The rate of cooling and heating are almost 1 
K/min. The q-1 is independent of the vibration amplitude. 
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RESULTS AND DISCUSSION 
Internal Friction 
The results of Q-1, R, X and f vs. T of Cu-Zn and Cu-Zn-Al wire 
specimen are shown in Fig. 1 and Fig. 2 respectively. The phase 
transformation temperature Ms, Mf, As and A£ can be determined from the 
R-T curve. In Fig. 1, on cooling at T- 195 K, the Q-1 and X begin to 
change; the resistance vs. temperature graph (R-T curve) also deviates 
from a straight line at this temperature so that that Ms is equal to 195 
K. At T - 135K, the R-T curve becomes a straight line again, so that the 
Mf is equal to this temperature. On heating, the As and Af can be 
determined similarly; the results are As - 185K and Af - 226K. In 
Cu-Zn-Al alloy, as in Fig. 2, Ms - 295K, Mf- 246K, As - 267K and Af 
305K. These were determined similarly. 
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Fig. 1. The diagram of the internal friction Q-1, electric resistance 
R, shape change X and frequency f vs. temperature T in Cu-Zn 
alloy (Cu-40.2wt% Zn). These qualities were measured 
simultaneously. 
On cooling and heating, there are four Q-1 peaks Pel• Pc2. Pc3• Pc4 
and PHl• PH2• PH3• PH4 appearing in the temperature range from Ms to Mf 
and As to A£ in both the Cu-Zn and Cu-Zn-Al alloys. The Q-1 peaks Pel• 
Pc2• PH3• PH4 in the Cu-Zn alloy and Pc2• Pc3• PH3• PH4 in the Cu-Zn-Al 
alloy correspond to the temperature range at which both !aR/~1 and 
loXjoTI take their maximum values. These results are similar to the 
results in TiNi and TiNiFe alloys [1,5]. The Q-1 peaks Pc3 and PH3 in 
the Cu-Zn-Al alloy and Pc2 and PH4 in the Cu-Zn allot correspond to the 
frequency minimum. The reason why there are four Q- peaks appearing 
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Fig. 2. 
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The diagram of the internal friction q-1, electric resistance 
R, shape change X and frequency f vs. temperature T in Cu-Zn-Al 
alloy (Cu-26.0wt% Zn- 4.0wt%Al). These qualities were 
measured simultaneously during phase transformation. 
both in cooling and heating is not clear. Perhaps this phenomenon is 
caused bt the nonuniformity of TEM transformation. We can conclude that 
these q- peaks result from the TEM transformation because no other phase 
transformation has been found in these two alloys in this temperature 
range and because the R-T graph is the same as C.M. Wayman's result [3]. 
The shape change X shown in Fig. 1 and Fig. 2 on cooling and heating 
during the TEM phase transformation exhibits a closed loop which means 
that the orientation of TEM plates is not completely random. 
The Quantitative Relation Between the Change of R and the Amount of 
Martensite 
To explain the R peak appearing in R-T graph, we first consider the 
experimental result that, at the same temperature, the resistivity of TEM 
is higher than that of the parent phase, i.e. Pm(T)>pp(T). On the other 
band, the Pm(T) and pp(T) decrease on cooling. 
factors produces a R peak between Ms and Mf. 
beating can be explained similarly. 
The variance of these two 
The R peak that appears on 
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We denote the proportion of TEM at T- Ms, PmCM.J=Pmo and Pp(M,J=p •• , 
X(T), 0 <X (T) <1. The proportion X(T) is equal to be 0 when T- Ms, and 
when T - Mf, we suppose that the parent phase has almost transformed into 
TEM, so X (Mf)=l. If we neglect the effect of phase boundaries, we can 
then express the resistivity between Ms and Mf as 
p(T) = X(T)p m(T) + [I- X(T)]p P(T) (I) 
If we multiply Eq. (1) by 1/s (1 is the length of the sample and s is its 
cross section), we have 
R(T) = X(T)Rm(T) + [I - X(T)]R p(T) 
If the change of Pm(T) and p p(T) with temperature is linear, we can 
suppose that 
Rm(T) = Rmo- Km(M,- T): 
where the Km and Kp are constants of resistance for M and P phase 
respectively. Substituting Eq. (3) into Eq. (2), we have 
R(T) = X(T)[Rm,- Km(M,- T)] + [I- X(T)][R••- K p(M,- T)] 
This is a formula of resistance between Ms and Mf, the formula 
between As and Af can similarly obtained as 
R(T)- X(T)[Rm 1 + Km(T- A,)]+ [I- X(T)][RP, + Kp(T- A,)] 
where 
Rml = Pm(A,)l/s; R 01 - p P(A,) I Is 
(2) 
(3) 
(4) 
(5) 
(6) 
The Rmo• Rp 0 , Rml• Rpl• Km, Kp can be determined from the 
experimental results, but the determination of X(T) is a little 
difficult. The formation of TEM is not uniform because there are four 
q-1 peaks between Ms and Mf. The X(T) should be obtained by the Delorme 
[6] formula 
Q- 1 =(AT /f)· dm/ OT; therefore, the amount of TEM is 
(7) 
so that on cooling 
(8) 
Similarly, on heating; 
(9) 
In our discussion, we do not consider the effect of a-phase. 
According to Wayman's view [7], the a-phase can be decreased so the 
contribution of a-phase to the resistance is very small. Using Eq. (8) 
and Eq. (9), we carried out a practical calculation of R. The calculated 
result conforms to the experiment well, in Cu-Zn alloy as shown in Fig. 3 
and in Cu-Zn-Al alloy as shown in Fig. 4. On cooling, the error is 
smaller than 4%, and on heating the error is smaller than 2% both for 
these two alloys. This proves that our explanation of the R-T curve is 
correct. This result shows that the proportion of amount of TEM to the 
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Comparison of the calculated result and experimental result of 
electric resistance R during TEM transformation in Cu-Zn alloy. 
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Comparison of the calculated result and experimental result of 
electric resistance R during TEM transformation in Cu-Zu-Al 
alloy. 
specimen at every temperature during phase transformation can be 
determined by the q-1 measurement. It is also shown that the change of R 
is mainly caused by the amount of TEM, and the influence of phase 
boundaries is smaller than 4% in Cu-Zn and Cu-Zn-Al alloys. 
CONCLUSIONS 
1. The formation of TEM is not uniform in Cu-Zn and Cu-Zn-Al alloys. 
2. The fraction of TEM in the specimen at every temperature during 
phase transformation can be determined by the q-l measurement. 
3. The change of R during the phase transformation is mainly caused 
by the amount of TEM; the contribution of phase boundaries is less 
than 4% in these two alloys. 
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